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57 ABSTRACT 

The present invention relates to a hydraulically damped 
powertrain mount (10) which includes an inner and outer 
in-series elastomeric springs (12, 14), having a cylindrical 
form with an oval cross section. The powertrain mount is 
secured to a supporting object by a flange extending out 
wardly from the periphery of an outer support housing (18) 
conforming generally to the shape of the outer elastomeric 
spring. Adjoining the inner and outer springs is a interme 
diate metal plate (16) utilized to assemble the springs 
concentrically in a partially nested relation therewith. A 
mounting member (22) is received within a centrally located 
recess portion formed in the inner spring and projects freely 
from the inner spring for attaching the engine or motor 
which is to be supported. A diaphragm (32) is secured to the 
intermediate metal plate and cooperates with the inner 
spring to define a fluid filled chamber. The fluid chamber is 
divided by a partition assembly (28) into two fluid filled 
holding chambers (A, B). The holding chambers communi 
cate with one another through a fluid track (40) within the 
partition assembly. Fitted within the partition assembly is a 
decoupler (38) for controlling fluid flow between the fluid 
filled chambers. 

9 Claims, 1 Drawing Sheet 
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5,782.462 
1. 

HYDRAULCALLY DAMPED POWERTRAN 
MOUNT 

This application is a continuation of Ser. No. 08/546.462 
filed Oct. 20, 1995, now abandoned. 

FIELD OF THE INVENTION 

This invention relates to an in-series hydro elastomeric 
spring for use in mounting a powertrain to a vehicle body or 
chassis. 

BACKGROUND OF THE INVENTION 

An automobile engine is subject to complex vibration 
effects which produce multiple degrees of motion and com 
binations of same. For insulating the automobile structure 
from engine vibrations as well as minimizing unwanted 
movements of the engine under all running conditions, a 
resilient anti-vibration system is required, so that the vibra 
tory forces are reduced to the relatively small spring forces 
transmitted by the support mountings themselves. 
As applied to engine mounting systems, the engine sup 

port mounts almost invariably feature rubber as their spring 
medium, since this material is highly resilient by virtue of its 
high ratio of deflection to load. The use of rubber also 
confers an inherent self-damping effect on the spring action 
of the mounts, which is beneficial in preventing resonant 
vibration. 

Fluid powertrain mounts have been incorporated in a 
typical automotive engine mount systems to reduce interior 
noise and vibration levels, and improve ride, especially on 
moderate to rough roads. The liquid filled mount generally 
contains two separate chambers for fluid transfer, with an 
orifice to control damping. The top chamber is bounded on 
one side by the primary rubber element, and on the other by 
the orifice plate. The bottom chamber is bounded by a 
secondary rubber element on one side and the orifice plate 
on the other. The primary rubber element has two functions, 
first to carry the static and dynamic load on the mount and, 
secondly, to act as a piston to pump the liquid through the 
orifice into the bottom chamber. At idle, with low-amplitude 
engine movements, fluid is free to move between the cham 
bers through a fluid transfer valve. High-amplitude engine 
movements, such as those found at road speed, put pressure 
on the fluid transfer valve, closing it and forcing the hydrau 
lic fluid through passages in the orifice plate into the lower 
chamber. Fluid movement through the restricted orifices 
causes a damping effect, absorbing higher-amplitude move 
ments. 

In practice, the engine is often elastomerically supported 
at three points on a rigid cradle or subframe to which the 
drive-wheel suspension control arms are swingably con 
nected. A plurality of cushion mounts support the cradle to 
the vehicle body. This mounting system relieves the engine 
unit of strain due to chassis deflection and absorbs torque 
fluctuations. produced by engine vibration, more effectively 
by virtue of greater mounting flexibility. 

Prior cushion mounting arrangements, including those 
with a cushion mounted subframe and the powertrain cush 
ion mounted thereon, provide desirable damping character 
istics. U.S. Pat. No. 4240,517, the disclosure of which is 
incorporated by reference herein, is typical of the patents 
that use a cushion mounted subframe or cradle to support the 
powertrain. Such series arrangements however, are difficult 
to assemble and to manufacture, comprise numerous parts. 
and increase the overall weight and costs of the vehicle. 
Accordingly, a need exists for a light weight, cost effective 
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2 
mounting device which can substantially absorb vibratory 
forces while securely mounting the engine to the vehicle 
body or chassis. 

BRIEF SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
an in-series hydraulically damped elastic engine mount 
which is lighter in weight and simpler in construction than 
prior cushion mounting arrangements. The fluid damped 
in-series mount of the preferred embodiment of the present 
invention eliminates the need for a cushion mounted rigid 
cradle or subframe of the prior art powertrain mounting 
arrangement by replacing the cushion mounted cradle with 
a plurality of in-series hydraulic mounts directly supporting 
the weight of the powertrain on the vehicle body or chassis. 
With such series arrangement of the cradle mount and the 
powertrain mount, an effective vibration control is provided 
between the vehicle body and the powertrain so as to more 
efficiently isolate vibrations over the entire range of vehicle 
operation and road conditions. 
More particularly in accordance with the preferred 

embodiment of the present invention, the mount is provided 
with an inner shock-absorbing hydraulically damped elas 
tomeric element, fixed to a powertrain mounting point. The 
inner elastomeric element is integrated with an outer 
in-series elastomeric mount, the outer elastomeric mount 
having a body-side bracket for directly supporting the pow 
ertrain at mounting points on a vehicle body. 

For a further understanding of the present invention and 
the objects thereof, attention is directed to the drawing and 
the following brief description thereof, to the detailed 
description of the preferred embodiment and to the 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and optional objects, features and advantages 
of the present invention will become more apparent by 
reading the following detailed description when considered 
in conjunction with the accompanying drawings, in which: 

FIG. 1 is a top view of the referred embodiment of a 
powertrain mount according to the present invention. 

FIG. 2 is a front cross-sectional view, taken along line 
2-2 of FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A powertrain mount according to the preferred embodi 
ment of the present invention is identified generally by 
reference numeral 10 in FIGS. 1 and 2. The mount 10 is 
comprised of an inner hydro-elastomeric spring 12 and an 
outer elastomeric spring 14 positioned in series with one 
another. An intermediate metal sleeve 16 is disposed 
between the two in-series springs 12 and 14 and is fixably 
connected thereto by way of vulcanizing or the like. An 
outer support housing 18 is bonded by vulcanization, or the 
like, to the outer periphery surface of the outer spring 14. 
The engine mount 10 including the springs 12 and 14 is 

in the form of a truncated elliptical cone. Furthermore, the 
dynamic spring characteristic of the elastomeric springs 12 
and 14 can be modified in accordance with the needs of the 
particular vehicle suspension application and operating con 
ditions. 

Various parameters of the engine mount 10 are selected to 
approximately meet the equation: 
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1. 
Kdu = - - - - 

- -- KDHydroelast KDEast 

Where K is the dynamic spring rate of the entire engine 
mount 10, KP race is the dynamic spring constant of 
the inner hydro-elastomeric spring 12, and K is the 
dynamic spring constant of the outer elastomeric spring 14. 
The inner spring 12 can be fastened to a non-illustrated 

engine or motor by mounting bolts extending through the 
upper end surface of an optional support plate 20. The 
support plate 20 is connected to a mounting member 22 by 
means of a bolt 24 extending thereto. The support housing 
18 can be fastened through the support flange 26, adapted to 
receive connecting bolts or studs, to an unillustrated vehicle 
body or chassis. With this connection arrangement the inner 
spring 12 supports the engine while the outer spring 14 
functions to support the entire engine mount to the vehicle 
chassis. 
As best seen in FIG. 2, the inner spring 12 is also formed 

with a plurality of fluid-filled chambers which extend essen 
tially parallel with the axis of the bolt 24. The first fluid 
filled chamber A is defined by the interior surface of the 
spring 12 and a partition assembly 28. A second fluid-filled 
chamber B is interconnected to the first fluid-filled chamber 
A through a fluid track 40 in the partition assembly 28 and 
bordered by a housing cover 30. The second fluid-filled 
chamber B acts as an expansion chamber into which fluid 
from the first fluid-filled chamber A can be displaced. 
The fluid within the chambers are forced to flow therebe 

tween through the fluid track 40 in the partition assembly 28 
based on relative volume changes in the fluid chambers as a 
result of vibrational displacement of the spring 12. 
The second fluid-filled chamber B and housing cover also 

includes a flexible elastomeric diaphragm 32 sealed against 
the periphery of the partition assembly 28 by tabs 36 
extending from the intermediate metal sleeve 16. The flex 
ible diaphragm 32 partitions off a portion of the second 
fluid-filled chamber B and defines a first air chamber C 
between itself and the housing cover 30. The air chamber C 
is connected to a atmosphere via a plurality of openings 34 
in the periphery of the housing cover 30. 
As also seen in FIG. 2. a decoupler 38 can be mounted 

between the fluid-filled chambers A, B. The decoupler 38. 
which can be made of a suitable plastic material if desired, 
is movably mounted within the partition assembly 28 for 
controlling fluid flow against the flexible diaphragm 32 
within the fluid-filled chambers A, B. 
When the vehicle suspension system generates high 

amplitude vibrations, the decoupler 38 compensates for the 
displacement of the elastomeric spring 12 and the variations 
in the volume of the first and second fluid-filled chambers A 
and B so that there is a substantially limited transfer of liquid 
beyond the partition assembly 28. In other words, when the 
elastomeric spring 12 deforms to such an extent that it 
creates a high pressure surge within the fluid-filled 
chambers, the decoupler 38 contacts either the upper or the 
lower surface of the partition assembly 28, deflecting the 
amount of fluid that can be induced to resonate back and 
forth through the partition assembly 28 that in-turn greatly 
stiffens the dampening characteristics of the inner elasto 
meric spring 12. At this time the vibrations of the engine are 
absorbed by the inherent dynamic spring constants of the 
in-series elastomeric springs 12 and 14. 
When in contrast, the elastoneric spring 12 experiences 

low amplitude vibrations then the variation in volume of the 
first and second fluid-filled chambers A and B does not force 
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the decoupler 38 against the upper or lower surface of the 
partition assembly 28. In this case, the fluid flow is not 
prevented from deflecting the flexible diaphragm 32 and 
hence reduces the chamber stiffness of the suspension mount 
10. 

Further variations and modification which can be made to 
the above type of suspension mount will be apparent in view 
of the forgoing disclosure. 
What is claimed is: 
1. An in-series hydraulically damped powertrain mount 

comprising: 

(a) a mounting element adapted to be fixed to a movable 
body; 

(b) a first resilient member having an inner surface 
coaxially connected to one end of said mounting ele 
ment and an outer surface fixed to a support member; 

(c) a deformable element cooperating with said inner 
surface of said first resilient member so as to define a 
fluid damping assembly for damping oscillations of 
said mounting element with respect to said support 
member, said fluid damping assembly divided into 
upper and lower fluid chambers; 

(d) a partition member disposed between said upper and 
lower fluid chambers and having a passage to allow 
communication between said fluid chambers: 

(e) an attachment member adapted to be fixed to a 
stationary component; and 

(f) a second resilient member fixed between said support 
member and said attachment member for damping 
oscillation of said first resilient member with respect to 
the stationary component; 
wherein each of said first resilient member, said second 

resilient member, said support member and said 
attachment member is in the form of a truncated 
elliptical cone. 

2. An in-series hydraulically damped powertrain mount 
according to claim 1, and further comprising a plate mov 
ably mounted within said partition member and perpendicu 
lar to the axis of said mount for controlling fluid flow to a 
varying extent depending upon the position of said plate. 

3. An in-series hydraulically damped powertrain mount 
for absorbing vibrations from a vibration source, compris 
ing: 

(a) a first resilient member adapted to be attached to the 
vibration source, said first resilient member having a 
cavity opposite the vibration source in which a fluid is 
enclosed; 

(b) a partition assembly dividing said cavity into a first 
chamber and second chamber, said partition assembly 
having a limiting passage channel to connect said first 
chamber and said second chamber thereby allowing 
communication between said first and second chamber 
resulting from a change in volume of said chambers 
during deformation of said first resilient member; and 

(c) a second resilient member connected to said first 
resilient member, said second resilient member being 
disposed in-series with said first resilient member for 
supporting said first resilient member to a vibration 
receiving source; and 

said powertrain mount having a dynamic spring rate 
which is approximately described by the equation 
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1. KDU = - - - - , 1 
+ Kid hydro/Elast KDElast 

where "D Unit is the dynamic spring rate of the entire 
powertrain mount. “D Hydro/Elast is the dynamic 
spring rate of the first resilient member and 'D Elast is 
the dynamic spring rate of the second resilient member. 

4. An in-series hydraulically damped powertrain mount 
according to claim 3, and further comprising a housing, said 
housing and said partition assembly together defining said 
second chamber. 

5. An in-series hydraulically damped powertrain mount 
according to claim 4. and further comprising an elastic 
membrane partitioning said second chamber to define an air 
chamber between said housing and said membrane, said 
membrane being adapted to be deformed during volume 
changes within said second chamber. 

6. An in-series hydraulically damped powertrain mount 
according to claim 3. and further comprising a plate mov 
ably mounted perpendicular to the axis of said mount for 
controlling fluid flow through said limiting passage channel 
to a varying extent depending upon the position of said plate. 

7. An in-series hydraulically damped powertrain mount 
for directly supporting a vehicle powertrain on a vehicle 
chassis and without a cradle or subframe between the 
vehicle powertrain and chassis, said powertrain mount com 
prising: 

a mounting member adapted to have mounted thereto the 
powertrain; 

a first resilient member having inner and outer surfaces, 
said inner surface being coaxially connected to said 
mounting member; 
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6 
a deformable element cooperating with said inner surface 
of said first resilient member to define a fluid damping 
assembly having upper and lower fluid chambers; 

a partition member disposed between said upper and 
lower fluid chambers and having a passage to allow 
fluid communication between said chambers; 

a second resilient member having inner and outer sur 
faces; 

an intermediate member disposed between said first and 
second resilient members, said outer surface of said 
first resilient member and said inner surface of said 
second resilient member being connected to said inter 
mediate member; and 

a support member adapted to be mounted to the chassis, 
said outer surface of said second resilient member 
being connected to said support member; 

said first and second resilient members thereby being 
connected in series. 

8. The powertrain mount of claim 7 further including a 
plate movably mounted within said partition member and 
perpendicular to a longitudinal axis of said mount for 
controlling fluid flow between said chambers depending 
upon the position of said plate, said plate serving to decouple 
said fluid damping assembly during periods of high ampli 
tude vibration of the powertrain. 

9. The powertrain mount of claim 7 wherein each of said 
first resilient member, second resilient member, intermediate 
member and support member is in the form of a truncated 
elliptical cone. 


